In this paper, we study the OZI-allowed two-body strong decays of 3 − heavy-light mesons. Experimentally the charmed D * 3 (2760) and the charm-strange D * s3 (2860) states with these quantum numbers have been discovered. For the bottomed B(5970) state, which was found by the CDF Collaboration recently, its quantum number has not been decided yet and we assume its a 3 − meson in this paper. The theoretical prediction for the strong decays of bottom-strange state B * 
I. INTRODUCTION
In the last few years, many new hadron states have been discovered experimentally, injecting new vitality to the study of hadron physics. Among these new states, some are thought to be tetraquark, pentaquark [1] , or molecule states, while some are believed to have the usual quark-antiquark structure [2] . The observation of the second case improves the meson spectra predicted by the quark potential models and may bring more insights into the nonperturbative properties of QCD. Among these particles, we are interested in the spin-3 heavy-light mesons in this paper, as more data about such states are collected recently.
In 2006, the Babar Collaboration found the D * sJ (2860) state [3] which was confirmed by LHCb [4] . This particle attracted much attention [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Theoretically it is thought to be a charm-strange meson with spin-parity quantum number J P = 3 − or 1 − (S-D mixing). Both predict the correct partial decay widths within the experimental error. This uncertainty was eliminated in 2014 by the LHCb Collaboration [19, 20] which found that two particles, namely, D * s3 (2860) with spin-3 and D * s1 (2860) with spin-1, are around this mass region. For the charmed meson, D * (2760) was discovered by the BaBar Collaboration [21] and sector, the 3 − state has not been found. However, very recently the CDF Collaboration reported the existence of B(5970) [24] , which has been investigated by assuming it has the quantum number 1 − [25, 26] or 3 − [26] . The decay width still has large experimental error (see Table I ), so more precise detection is needed.
Usually, if the strong decay channels of a meson are OZI-allowed, they will be dominant, and the sum of their partial widths can be used to estimate the total width of the meson.
Beside that, those decays are also applied to determine the quantum number of particles.
To study these decays, several theoretical methods could be applied, such as the chiral quark method [9, [27] [28] [29] [30] , the heavy meson effective theory [5, 14, 26, 31] , the QCD sum rules [15, 16] , and the 3 P 0 method [10, 12, 18, 25, [32] [33] [34] [35] [36] [37] [38] [39] [40] . The chiral quark model introduces an effective Lagrangian to describe the coupling between light quark fields and light meson, while for the heavy meson effective theory, the interaction lagrangian is constructed just by meson fields. The 3 P 0 model is very popular in dealing with OZI-allowed strong decays. In this method, awith J P C = 0 ++ is assumed to be created from the vacuum. For the heavy mesons, the simple harmonic oscillator (SHO) wave functions are usually adopted.
In our recent work [41] , the weak production of 3 − heavy-light states from the D(D s ) or B(B s , B c ) mesons have been studied. When these particles are produced, they will decay very quickly to the lighter final states which are used experimentally to reconstruct their mother particle. Here, by using the same formalism, we investigate the OZI-allowed twobody strong decays of these 3 − mesons, This may be helpful to gain more information of these high-spin states, especially for the undiscovered b-flavored ones.
As Figure 1 shows, the OZI-allowed two body strong decays can be realized by introducing a scalar type interaction vertex. It can also be realized without that interaction vertex, that is the light quark and antiquark are connected by a propagator, which is used in Ref. [42] and our previous work [43] . Under the current situation, there is a light meson in the final states, whose wave function cannot be described by the instantaneous approximation. So to deal with this difficulty, we take a different method, which is realized by using the reduction formula, PCAC and the low energy theorem. This method has been applied to deal with the strong decays of S-wave heavy-light mesons [44, 45] , which get the results close to the experimental data. However, this method can only be applied to the case when the light meson being a pseuscalar one. For the case when the light meson is vector, PCAC cannot be used. For those channels, we will adopt an effective lagrangian to describe the quark-meson coupling. Since the relativistic effects should be considered, especially for the state with high orbital angular momentum, using more appropriate wave functions to calculate the strong decays of these high-spin mesons is necessary. In this paper, the instantaneous Bethe-Salpeter equation [46, 47] those of other models. Finally, we draw the conclusion in Section IV.
II. THEORETICAL FORMALISM
As the wave functions of heavy mesons will be used in the following to calculate the transition amplitude, it must be constructed as a starting point. In our previous works [41, 49, 50] , the wave function of the 3 − state has been given as
where M and P are the mass and momentum of the meson, respectively; q is the relative momentum between the quark and antiquark; q ⊥ is defined as q − P ·q M P ; f i s are functions of q ⊥ which will be obtained by solving the full Salpeter equation; ǫ µνγ is the polarization tensor of the meson, which is totally symmetric and satisfies
The completeness relation is given by [51] 
abc ǫ * (λ) xyz = 1 6 (P ax P by P cz + P ax P bz P cy + P ay P bx P cz + P ay P bz P cx + P az P by P cx + P az P bx P cy ) − 1 15 (P ab P cz P xy + P ab P cy P xz + P ab P cx P yz + P ac P bz P xy + P ac P by P xz + P ac P bx P yz + P bc P az P xy + P bc P ay P xz + P bc P ax P yz ), where we have defined P µν ≡ −g µν + PµPν M 2 . By using the reduction formula, the transition amplitude can be written as the production of the inverse propagator and the expectation value of the light meson field [52] . We take the process D * sJ → D ( * ) K as an example, which has the form
By using PCAC, the light meson field is expressed as the divergence of the axial-vector current divided by the decay constant of the light meson
Combining Eq. (4) and Eq. (5), we get
where in the second equation partial integral is used. Finally, by using low-energy theorem [52] , we can get the form of the transition amplitude in the momentum space (see Figure 2 )
This result can also be achieved by adopting the effective lagrangian method [28, 29] ,
where
is the chiral field of pseudoscalar mesons. The quark-meson coupling constant g is taken to be unity. f h is the decay constant.
Within Mandelstam formalism, the transition amplitude can be written as the overlapping integral over the Salpeter wave functions of the initial and final mesons [52] 
where m If the final light meson is η or η ′ , we have to consider the η − η ′ mixing
where the mixing angle θ = 19
• is used. The masses of physical states are related to the masses of flavor states by
By considering φ η 8 = (uū + dd − 2ss)/ √ 6 and φ η 0 = (uū + dd + ss)/ √ 3, the transition
where f η 0 and f η 8 are the decay constants of η 0 and η 8 , respectively.
The method above can only be applied to the processes when the light meson is a pseudoscalar. In the case when a light vector boson involves, we use the effective lagrangian method which is adopted in Ref. [29] . The quark-meson coupling is described by the la-
where V µ is the field of the light vector meson with momentum P 2 ; a = −3.0 and b = 2.0 represent the vector and tensor coupling strength, respectively. In Ref. [29] , this lagrangian is reduced to the nonrelativistic form and the harmonic oscillator wave functions are used.
In our calculation, we use Eq. (14) directly, and the full Salpeter wave functions are applied which could provide some comparison with the results in Ref. [29] .
After finishing the trace and integral in Eq. (10), we get the transition amplitudes which are expressed as several form factors
In the above equations, ǫ αµσδ is the totally antisymmetric tensor; The two-body decay width is
is the momentum of the final meson; J = 3 is the spin quantum number of the initial meson; λ represents the polarization of both initial and final mesons.
III. RESULTS AND DISCUSSIONS
To get the wave functions of the initial and final heavy mesons, we solve the full Salpeter equaiton. The interaction potential can be phenomenologically written as the Coulomb-like term (comes from one-gluon exchange) plus a linear term. We will not present the explicit form of the equation which can be found in Refs. [50, 53] . Here we just list the parameters [29] . There for heavy mesons, the SHO wave functions is adopted. One can see that their results are smaller than ours. For the DK * channel, we use the same effective lagrangian form with that in Ref. [29] , whose result is about two times smaller than ours. The total decay width for our model is close to the central value of the LHCb's result [19, 20] , which is also at the same order with those of other models.
For the D * 3 , the results of different models are presented in Table III . In our calculation, the partial widths of two dominant channels Dπ and D * π are respectively 33.1 MeV and 22.0
MeV, which are consistent with those of other models, especially the chiral quark model [30] .
For the channels with light vector meson Dρ and Dω, our results are about 4 times of those in Ref [30] , but compatible with those of the 3 P 0 model [33] . Ref. [55] also uses the 3 P 0 model, but they get very large widths for these two channels, which makes the total width larger. In Table III , the decay width of D * J (2760) [22] is very close to our result, while for D * 3 (2760) [23] , as we pointed out before, its width is 30 MeV larger. Both results have large errors, which need more experimental observation.
In Table IV , the decay widths for B * 3 is given. To compare with the results of other models, we consider two cases with different mass of B * 3 . For M = 5978 MeV, the total decay width (22.9 MeV) is about 3 times smaller than the central value of the experimental data (70 +30 −20 ± 30 MeV) which has large errors. So we expect more data about this particle will be accumulated and more precise decay widths will be given. In Ref. [26] , the effective theory is used. There the experimental value is used to deduce the effective coupling which is applied to calculate the partial decay widths, the first two of which are about 3 times as large as ours. Ref. [27] gets the total decay width of 60 MeV, which is 2 times larger than ours. When M is taken to be 6105 MeV, our results increase by about two times, which is about 2 and 4 times of those in Ref. [32] and Ref. [25] . In our calculation, the B * 2 π and B ′ 1 π channels also give sizable contribution, which may be detected in the future to clarify the properties of this particle. For the mass of B * 2 , we take the value in PDG [54] , which is 50 MeV smaller than that taken in Ref. [25] and Ref. [32] . Both references use the 3 P 0 method and SHO wave functions. In Figure 3 (a), we plot the total and main partial decay widths of B * 3 , where M B * 3 is taken to be 5950 MeV ∼ 6150 MeV. The total width changes from 18
MeV to 89 MeV, which implies it depends strongly on the mass. One also notices that with the increase of mass, the decay width increases more and more quickly.
The results for B * s3 is given in Table V . BK and B * K give the main contribution. For the total decay width, we get 40.8 MeV which is larger than those in Ref. [25] and Ref. [32] but smaller than that in Ref. [39] , where 3 P 0 model is applied. Ref. [27] uses the chiral quark model. One can see a result about 2 times of ours is achieved when M takes the same value.
Figure 3(b) shows when M changes from 6050 MeV to 6200 MeV, the total decay width increases from 11 MeV to 49 MeV. As LHCb running, we expect this state will be detected in the near future.
An experimentally measured quantity is the ratio of the partial widths of two dominant decay channels. In Table VI, more precise detection is needed. For the B * s3 state, there is no candidate in experiments, and our calculations can provide some help for the future study of this particle. Our results also show that the decay widths of B * 3 and B * s3 depend strongly on the particle mass. 
